In the Specification 
Kindly replace paragraph [0001] through [0002] with the following: 
RELATED APPLICATION 

This is a §371 of International Application No. PCT/JP2004/0 16075. with an international 
filing date of October 22, 2004 (WO 2005/042793 A 1. published May 12, 2005), which is based on 
Japanese Patent Application Nos. 2003-373404, filed October 3 1 . 2003, 2004-038854. filed February 
16. 2004. 20044 17445, filed April 13, 2004. 2004-135973, filed April 30, 2004, and 2004-31 1885, 
filed October 27, 2004. 
TECHNICAL FIELD 

The pr ese nt invention relates to a steel pipe for pipelines that transport crude oil or natural 
gas produced from oil wells or gas wells. Specifically the pr e sent invention relates to a high strength 
stainless steel pipe and a method for manufacturing thereof, which stainless steel pipe has excellent 
corrosion resistance and resistance to sulfide stress cracking, thereby being suitable for linepipes 
transporting crude oil or natural gas produced from oil wells or gas wells under extremely corrosive 
environments containing carbon dioxide gas (CO2), chlorine ion (CI"), and the like. The term "high 
strength stainless steel pipe" referred to herein signifies the stainless steel pipe having strength of 
about 413 MPa (about 60 ksi) or higher yield strength. 
BACKGROUNDERS 

As countermeasures to the rapid increase of crude oil price in recent years and to the deple- 
tion of oil resources expected to appear in the near future, development of deep oil fields which did 
not draw attention and development of highly corrosive sour gas fields and the like which were once 
abandoned in their development are emphasized over the world. Those kinds of oil fields and gas 
fields are generally very deep, and have environments of high temperature and highly corrosive, 
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containing CO2, CI", and the like. Accordingly, linepipes used for transporting crude oil and gas 
produced from those kinds of oil fields and gas fields are requested to use steel pipes having high 
strength and high toughness, and further having excellent corrosion resistance. In addition, develop- 
ment of offshore oil fields has been vigorously progressed, thus the steel pipes in these oil fields are 
requested also to have excellent weldability in view of reduction in the pipeline laying cost. 
Kindly replace paragraphs [0004] through [0048] with the following: 
Responding to the requirement, there are proposed 1 l%Cr or 12%Cr martensitic stainless 
steel pipes that improve the weldability for linepipe services, disclosed in, for example, Patent Docu 
m e nt 1, Pat e nt Document 2 % and Pat e nt Docum e nt 3 U nexamined Japanese Patent Publication No. 
08-41599, Unexamined Japanese Patent Publication No. 09-228001, and Unexamined Japanese 
Patent Publication No. 09-3 16611 . 

The steel pipe disclosed in Pat e nt Docum e nt 1 JP '599 is a martensitic stainless steel pipe for 
linepipes, having excellent corrosion resistance at welded part by decreasing carbon content to 
control the increase in the hardness of the welded part. The steel pipe disclosed in Pat e nt Docum e nt 
2JP '001 is a martensitic stainless steel pipe, which increases the corrosion resistance by adjusting 
the amounts of alloying elements. The steel pipe disclosed in Patent Docum e nt 3 JP '61 1 is a mar- 
tensitic stainless steel pipe for linepipes, which satisfies both the weldability and the corrosion 
resistance. 

Pat e nt Document 1 : Un e xamin e d Japanes e Pat e nt Publication No.08 4 1599, 
Pat e nt Docum e nt 2: Unexamin e d Japan e s e Pat e nt Publication No.09 228001, and 
Pat e nt Docum e nt 3: Un e xamin e d Japan e s e Pat e nt Publication No.09 3 1661 1 



3 



DISCLOSURE OF THE INVENTION 

Th e 1 l%Cr or 12%Cr mort e nsitic stainl e ss ste e l pipes which ar e manufactur e d by the t e ch 
nologi e s disclos e d in Patent Docum e nt 1 , Patent Document 2, and Patent Docum e nt 3 may g e n e rat e 
sulfid e str e ss corrosion cracking under environm e nts having high partial pr e ssure of hydrog e n 
sulfid e , and fail to stably attain d e sir e d corrosion r e sistanc e und e r environm e nts containing CO^, Cl\ 
and the lik e at high t e mp e ratures abov e 150°C. 

Th e pr e s e nt inv e ntion has b ee n p e rf e ct e d r e sponding to the abov e situations of th e r e lat e d art, 
and an obj e ct of th e pres e nt invention is to provid e a high str e ngth stainl e ss st e el pipe for lin e pip e 
and a method for manufacturing ther e of, which stainl e ss ste e l pip e is in e xp e nsiv e , shows e xc e ll e nt 
resistance to CO^ corrosion e v e n und e r s e vere corrosiv e e nvironment s containing CO^, CI", and the 
lik e at high t e mp e ratures of 1 50°C or mor e , shows e xcell e nt resistanc e to sulfid e str e ss cracking e ven 
und e r high hydrog e n sulfid e e nvironm e nts, and has e xc e ll e nt low t e mp e ratur e toughness and e xc e l 
l e nt w e ldability. 

To solv e th e abov e probl e ms, th e inv e ntors of th e pr e s e nt inv e ntion conduct e d d e tail study of 
th e e ff e cts of various variabl e s aff e cting th e corrosion und e r high t e mperatur e corrosiv e e nviron 
m o nts containing CO^, CI", and th e lik e , and aff e cting the sulfid e stress cracking under high hydrogen 
sulfide e nvironm e nts, using th e compo s ition of 12%Cr st ee l, which is a typioal mart e n s itio stainl e s s 
st e el, as th e basis. Th e study r e veal e d that, wh e n th e basic composition of 1 2%Cr mart e nsitic stain 
l e ss st ee l significantly incr e as e s th e Cr cont e nt, significantly d e cr e ases the C and N content s from th e 
conv e ntional lev e l, contains adequat e amounts of Cr, Ni, Mo, or furth e r Cu, and wh e n th e ste e l forms 
a microstructur e of mart e nsit e phase as th e basis whil e containing f e rrite phase and r e sidual aust e nito 
phas e , th e r e ar e assur e d high str e ngth giving 4 13 MP a (60 ksi) or high e r yi e ld str e ngth, good hot 



4 



workability, good corrosion resistance und e r s e ver e environm e nts, and exc e ll e nt weldability, th e r e by 
p e rf e ct e d th e pr e s e nt inv e ntion. 

Th e inv e stigations given by th e inv e ntors of the pr e s e nt inv e ntion ar e d e scribed in d e tail in 
the following. 

According to th e manufactur e of s e aml e ss mart e nsitio stainl e ss st ee l pip e s in th e r e lat e d art, 
th e r e was a common und e rstanding that, wh e n th e f e rrit e phas e app e ars to fail to assure th e micro 
structur e with singl e mart e nsito phas e , th e strength d e cr e as e s, and th e hot workability d e teriorates, 
which mak e s th e manufactur e of st ee l pip e s difficult. 

To this point, th e inv e ntors of th e pr e sent inv e ntion gav e furth e r d e tail study of th e e ff e ct of 
steel compon e nts on the hot workability, and found that the s ignificant improv e m e nt in th e hot 
workability is attain e d and that th e crack g e neration during hot working is prev e nt e d by adjusting th e 
st ee l pip e composition to satisfy the formula (2) 

Cr + Mo + 0.3Si 43.5C Ni 0.3Cu 9NM1.5 (2) 

wher e Cr, Ni, Mo, Cu, C, Si, Mn, and N signify the content of the r e sp e ctiv e e l e m e nts, (% by mass). 

Figure 1 shows th e r e lation b e tw ee n th e valu e s of l e ft s id e m e mb e r of th e formula (2) and th e 
length of crack generat e d at edg e fac e of th e seaml e ss 1 3%Cr stainl e ss st ee l pipe during hot working 
(during tube making of seaml e ss ste e l pipe). Th e figur e shows that the crack g e n e ration is prev e nt e d 
if the valu e of left sid e m e mb e r of th e formula (2) is 8 .0 or small e r, or if th e valu e th e r e of is 1 1.5 or 
larg e r, pr e ferably 12.0 or larger. The value of left side member of th e formula (2) at 8.0 or smaller 
corresponds to th e zon e wh e r e no f e rrit e is g e n e rated, which zon e is for the one, according to a 
concept of the relat e d art, to improv e th e hot workability by prev e nting the formation of f e rrite 
phase. On the other hand, increas e in th e valu e of left side m e mb e r of the formula (2) increas e s th e 
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amount of gen e rating f e rrit e . Th e zon e whoro th e valu e of l e ft sid e memb e r of the formula (2) is 
11.5 or larger is the zone wh e re relativ e ly larg e amounts of f e rrit e ar e g e n e rat e d. That is, th e 
inventors of th e pr e s e nt inv e ntion found that th e hot workability is significantly improv e d by adopt 
ing a quit e diff e r e nt conc e pt from that of th e r e lat e d art, or adjusting th e composition so as tho valu e 
of l e ft side memb e r of th e formula (2) to b e com e 1 1.5 or larg e r, th e reby forming a microstructur e 
that r e lativ e ly larg e amounts of f e rrit e ar e g e n e rat e d in pip e making st e p. 

Figur e 2 shows th e l e ngth of cracks generat e d on e dg e face of s e aml e ss 13%Cr stainless st ee l 
pip e s during hot working in r e lation to the amounts of ferrit e . Th e figur e shows that no crack is 
g e n e rat e d at 0% by volume of f e rrit e , and that cracks are g e n e rat e d wh e n f e rrit e is form e d, which 
ph e nom e non was e xp e ct e d in th e r e lat e d art. When, howev e r, th e amounts of g e n e rating f e rrit e 
incr e as e to form th e f e rrite phas e by 10% or mor e , or pr e f e rably 1 5% or more, by volum e , th e crack 
g e n e ration can be pr e v e nt e d, which ph e nom e non is diff e r e nt from th e e xp e ctation of the r e lat e d art. 
That is, th e hot workability is improv e d and th e crack g e neration is pr e vented by adjusting th e 
composition so as to satisfy th e formula (2), thus to form a f e rrit e and mart e nsite dual phas e 
microstructur e containing appropriat e amounts of f e rrite phas e . 

If, how e v e r, the compon e nts ar e adjust e d to satisfy th e formula (2) to form the f e rrit e and 
martensit e dual phase microstructur e , th e variations in the allotm e nt of e l e m e nts occurr e d during 
heat treatm e nt may deteriorat e th e corrosion resistance. With a dual phase microstructur e , th e 
austenit e forming e l e m e nts such as C, Ni, and Cu diffuse in th e mart e nsite phas e , whil e th e f e rrit e 
forming e l e m e nts such as Cr and Mo diffuse in th e ferrit e phase, ther e by inducing disp e rsion of 
compon e nts b e tw ee n phas e s in th e ultimate product aft e r h e at tr e atm e nt. In th e martensit e phas e , th e 
amount of Cr which is e ff e ctiv e in corrosion r e sistanc e decreas e s, while th e amount of C which 
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det e riorates the corro s ion r e sistance incr e as e s, th e r e by d e t e riorating the corrosion r e sistanc e in som e 
cas e s compar e d with that of homog e n e ous microstructur e . 

In this r e gard, th e inv e ntors of th e pr e s e nt invention conduct e d furth e r d e tail study of th e 
eff e ct of compon e nts on th e corrosion r e sistanc e , and found that th e satisfactory corrosion r e sistance 
is assur e d by adjusting th e components so as to satisfy th e formula (1) e v e n when th e microstructure 
is a f e rrit e and mart e nsit e dual phas e microstructur e : 

Cr + 0.65Ni + O.6M0 + 0.55Cr 20C 2h 18.5 (±) 

wh e r e Cr, Ni, Mo, Cu, and C signify th e cont e nt of th e r e sp e ctiv e e l e m e nts. 

Figur e 3 shows the r e lation b e tw ee n th e valu e of l e ft sid e m e mber of th e formula (1) and th e 
corrosion rat e und e r environm e nts containing CO^ and CI" at high temp e ratur e of 200°C. The figure 
shows that th e suffici e nt corrosion resistanc e is assur e d by adjusting th e components so as to satisfy 
the formula (1) e ven with th e ferrite and mart e nsit e dual phas e microstructur e and even und e r th e 
environm e nts containing CO2 and CI" at high temp e rature of 200°C. 

As s ee n in th e formula (1), incr e as e in th e Cr cont e nt is e ff e ctive to improve th e corrosion 
r e sistanc e . Sinc e , howev e r, Cr e nhanc e s th e f e rrit e formation, th e r e lat e d art r e quir e s to add Ni by an 
amount corr e sponding to th e Cr cont e nt to suppr e ss th e formation of ferrito. Wh e n the Ni cont e nt is 
incr e as e d relating to th e Cr cont e nt, how e ver, th e aust e nit e phas e is stabiliz e d to fail in assuring 
nooossary strength as the steel pipe for lin e pip e . 

To this problem, the inv e ntors of th e pr e s e nt inv e ntion carri e d out furth e r study, and found 
that th e maintain e d forrit e and martensit e dual phas e microstructur e , containing ad e quat e amount of 
f e rrit e phas e , with incr e as e d Cr cont e nt, can k ee p th e r e sidual amount of aust e nite phas e to a low 
lovol, th e r e by assuring suffici e nt strength as th e st e el pipe for linepipo. 
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Figur e 4 shows th e d e riv e d r e lation b e tw ee n th e yi e ld str e ngth YS and the Cr content of 
s e aml e ss 13%Cr stainl e ss st ee l pip e s, aft e r h e at tr e atm e nt, having f e rrit e and martensito dual phas e 
microstructur e . Th e figur e also shows the relation betw ee n YS and Cr cont e nt of st ee l pipes, aft e r 
h e at tr e atm e nt, having mart e nsit e singl e phas e micro s tructur e or mart e nsit e and aust e nite dual phas e 
microstructur e . Th e figur e r e v e al e d a finding that suffici e nt str e ngth as st ee l pip e for linepipe can b e 
assur e d by k e eping the f e rrit e and mart e nsit e dual phas e microstructure containing ad e quat e amount 
of f e rrite phas e with incr e as e d Cr content. On th e oth e r hand, if th e microstructur e is that of 
mart e n s it e singl e phas e or that of martensit e and austenite dual phas e , incr e as e in th e Cr content 
d e cr e as e s YS. 

Th e st ee l pip e s for linepip e s ar e subj e ct e d to girth w e lding on laying pip e lin e . Diff e r e nt from 
th e h e at tr e atment of pip e body, th e girth w e lding is conducted by local h e ating with a small h e at 
input to giv e high cooling rat e , thu s th e h e at aff e ct e d zone is significantly hard e n e d. Th e hard e ning 
of h e at aff e ct e d zon e r e sults in th e g e n e ration of w e ld crack. To this point, th e inv e ntors of th e pr e 
s e nt inv e ntion studi e d the e ffect of compon e nts on th e g e n e ration of w e ld crack during girth welding. 
The study r e v e al e d that th e w e ld crack is pr e v e nt e d and the e xc e llent w e ldability i s as s ur e d by 
adjusting th e composition of st ee l pip e to s atisfy th e formula (3), 

C + N 5 0.025 

Figur e 5 shows th e r e lation b e tw ee n th e valu e of l e ft s id e m e mb e r of th e formula (3) and th e 
crack g e n e ration rat e d e t e rmin e d by a y slit w e ld crack t e st. Th e figur e r e v e al e d that th e w e ld crack 
is pr e v e nt e d by sp e cifying th e valu e of l e ft side m e mb e r of th e formula (3) to 0.025 or smaller. Th e 
crack g e n e ration rat e was d e termin e d by th e y slid w e ld crack t e st on e ach fiv e t e st pi e c e s, cal ■ 
culating the valu e of [(th e numb e r of crack gen e rat e d pi e ces)/(th e numb e r of total t e st e d pi e o e s)]. 
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SUMMARY 

Further study was giv e n bas e d on th e above findings, thus p e rf e ct e d th e pr e s e nt invention. 
Th e ess e nc e of th e pr e sen t Selected aspects of the invention isare described in th e following 

below . 

(1) A highly corrosion resistant high strength stainless steel pipe for linepipe having a 
composition containing: 0.001 to 0.015% C, 0.01 to 0.5% Si, 0.1 to 1.8% Mn, 0.03% or less 
P, 0.005% or less S, 15 to 18% Cr, 0.5% or more and less than 5.5% Ni, 0.5 to 3.5% Mo, 
0.02 to 0.2% V, 0.001 to 0.015% N, and 0.006% or less O, by mass, so as to satisfy the for- 
mulae (1), (2), and (3), and balance of Fe and impurities[[,]]: 

Cr + 0.65Ni + O.6M0 + 0.55Cu - 20C ^ 18.5 (1) 
Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N ^ 1 1 .5 (2) 

C + N * 0.025 (3) 

where C, Ni, Mo, Cr, Si, Mn, Cu, and N signify the content of the respective elements. 

(2) The high strength stainless steel pipe for linepipe according to ( 1 ), wherein the com- 
position further contains 0.002 to 0.05% Al by mass. 

(3) The high strength stainless steel pipe for linepipe according to ( 1 ) or (2), wherein the 
content of Ni is 1.5 to 5.0% by mass. 

(4) The high strength stainless steel pipe for linepipe according to any of claims 1 to 3, 
wherein the content of Mo is 1.0 to 3.5% by mass. 

(5) The high strength stainless steel pipe for linepipe according to any of (1) to (3), 
wherein the content of Mo is more than 2% and not more than 3.5% by mass. 
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(6) The high strength stainless steel pipe for linepipe according to any of (1) to (5), 
wherein the composition further contains 3.5% or less Cu by mass. 

(7) The high strength stainless steel pipe for linepipe according to (6), wherein the con- 
tent of Cu is 0.5 to 1.14% by mass. 

(8) The high strength stainless steel pipe for linepipe according to any of (1) to (7), 
wherein the composition further contains at least one element selected from the group 
consisting of 0.2% or less Nb, 0.3% or less Ti, 0.2% or less Zr, 0.01% or less B, and 3.0% or 
less W, by mass. 

(9) The high strength stainless steel pipe for linepipe according to any of (1) to (8), 
wherein the composition further contains 0.01% or less Ca by mass. 

(10) The high strength stainless steel pipe for linepipe according to any of (1) to (9), 
wherein the composition further contains a microstructure having 40% or less residual aus- 
tenite phase and 1 0 to 60% ferrite phase, by volume, with martensite phase as the base phase. 

(11) The high strength stainless steel pipe for linepipe according to (10), wherein the fer- 
rite phase is 15 to 50% by volume. 

(12) The high strength stainless steel pipe for linepipe according to (10) or (1 1), wherein 
the residual austenite phase is 30% or less by volume. 

(13) A method for manufacturing highly corrosion resistant high strength stainless steel 
pipe for linepipe having the steps of: making a steel pipe having a specified size from a steel 
pipe base material having a composition containing 0.001 to 0.015% C, 0.01 to 0.5% Si, 0. 1 
to 1.8% Mn, 0.03% or less P, 0.005% or less S, 15 to 18% Cr, 0.5% or more and less than 
5.5% Ni, 0.5 to 3.5% Mo, 0.02 to 0.2% V, 0.001 to 0.015% N, and 0.006% or less O, by 
mass, so as to satisfy the formulae (1), (2), and (3), and balance of Fe and impurities; reheat- 
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ing the steel pipe to 850°C or higher temperature; cooling the heated steel pipe to 100°C or 
lower temperature at a cooling rate of at or higher than air-cooling rate; and applying quench- 
ing and tempering treatment to the cooled steel pipe, to heat thereof to 700°C or lower tem- 
perature^,]]: 

Cr + 0.65M + O.6M0 + 0.55Cu - 20C £ 18.5 (1) 
Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N ^ 1 1.5 (2) 

C + N £ 0.025 (3) 

where Cr, Ni, Mo, Cu, C, Si, Mn, and N signify the content of the respective elements. 

(14) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to (13) having the steps of: heating the steel pipe base material; making a steel pipe from 
the steel pipe base material by hot- working; cooling the pipe to room temperature at a cool- 
ing rate of at or higher then air-cooling rate, thus obtaining a seamless steel pipe having a 
specified size; and applying the quenching and tempering treatment to the seamless steel 
pipe. 

(15) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to (13) or (14), having the step of applying a tempering treatment to heat the seamless 
steel pipe to 700°C or lower temperature instead of the step of quenching and tempering 
treatment. 

( 1 6) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (15), wherein the steel pipe base material has the composition of any 
thereof, further containing 0.002 to 0.05% Al by mass. 
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(17) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (16), wherein the content of Ni is 1.5 to 5.0% by mass. 

(18) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (17), wherein the content of Mo is 1.0 to 3.5% by mass. 

(19) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (18), wherein the content of Mo is more than 2% and not more than 
3.5% by mass. 

(20) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (19), wherein the steel pipe base material has the composition of any 
thereof, further containing 3.5% or less Cu by mass. 

(21) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to (20), wherein the content of Cu is 0.5 to 1.14% by mass. 

(22) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (21), wherein the steel pipe base material has the composition of any 
thereof, further containing at least one element selected from the group consisting of 0.2% or 
less Nb, 0.3% or less Ti, 0.2% or less Zr, 3.0% or less W, and 0.01% or less B, by mass. 

(23) The method for manufacturing high strength stainless steel pipe for linepipe accord- 
ing to any of (13) to (22), wherein the steel pipe base material has the composition of any 
thereof, further containing 0.01% or less Ca by mass. 

(24) A welded structure fabricated by welding to join together the high strength stainless 
steel pipes according to any of (1) to (12). 
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BRIEF DESCRff TIONOF THE DRAWINGS 

FigufeFig. 1 is a graph showing the effect of steel sheet composition on the length of crack 
generated during hot-working. 

FigweFig. 2 is a graph showing the relation between the length of crack generated during hot- 
working and the amount of ferrite. 

FigureFig. 3 is a graph showing the effect of steel sheet composition on the corrosion rate 
under a high temperature environment at 200°C, containing CO2 and Cl\ 

FigweFig. 4 is a graph showing the relation between the yield strength YS and the Cr content 
after heat treatment. 

FigureFig. 5 is a graph showing the effect of the amount of (C + N) on the weld crack 
generation rate determined in y-slit weld crack test. 
EMBODIMENTS OF THE INVENTIO>J D ETAILED DESCRIPTION 

The 1 1 %Cr or 1 2%Cr martensitic stainless steel pipes manufactured by the technologies dis- 
closed in JP '599. JP '001 and JP '61 1 may generate sulfide stress corrosion cracking under environ- 
ments having high partial pressure of hydrogen sulfide, and fail to stably attain desired corrosion 
resistance under environments containing CO?, CI", and the like at high temperatures above 150°C. 

We provide a high strength stainless steel pipe for linepipe and a method for manufacturing 
thereof, which stainless steel pipe is inexpensive, shows excellent resistance to CO? corrosion even 
under severe corrosive environments containing CO?, Cl~, and the like at high temperatures of 1 50°C 
or more, shows excellent resistance to sulfide stress cracking even under high hydrogen sulfide 
environments, and has excellent low temperature toughness and excellent weldability. 

To accomplish this, we conducted a detailed study of the effects of various variables affecting 
corrosion under high temperature corrosive environments containing CO?, CI", and the like, and 
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affecting the sulfide stress cracking under high hydrogen sulfide environments, using the compo- 
sition of 12%Cr steel which is a typical martensitic stainless steel, as the basis. The study revealed 
that, when the basic composition of 12%Cr martensitic stainless steel significantly increases the Cr 
content, significantly decreases the C and N contents from the conventional level, contains adequate 
amounts of Cr, Ni, Mo, or further Cu, and when the steel forms a microstructure of martensite phase 
as the basis while containing ferrite phase and residual austenite phase, there are assured a high 
strength resulting in 41 3 MPa (60 ksi) or higher yield strength, good hot-workability, good corrosion 
resistance under severe environments, and excellent weldability. 

According to the manufacture of seamless martensitic stainless steel pipes in the related art, 
there was a common understanding that, when the ferrite phase appears to fail to assure the micro- 
structure with single martensite phase, the strength decreases, and the hot-workability deteriorates, 
which makes the manufacture of steel pipes difficult. 

To this point, we further studied the effect of steel components on hot-workability, and found 
that a significant improvement in the hot-workability is attained and that crack generation during hot- 
working is prevented by adjusting the steel pipe composition to satisfy the formula (2): 

Cr + Mo + Q,3Si - 43.5C - Ni - 0.3Cu - 9N ^ 11.5 £2} 

where Cr, Ni, Mo, Cu, C, Si, Mn, and N signify the content of the respective elements, (% by mass). 

Fig. 1 shows the relation between the values of the left side member of the formula (2) and 
the length of crack generated at edge face of the seamless 13%Cr stainless steel pipe during hot- 
working (during tube-making of seamless steel pipe). The figure shows that the crack generation is 
prevented if the value of left side member of the formula (2) is 8.0 or smaller, or if the value thereof 
is 1 1.5 or larger, preferably 12.0 or larger. The value of the left side member of the formula (2) at 
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9,0 or smaller corresponds to the zone where no ferrite is generated, which zone is for the one, 
according to a concept of the related art, to improve the hot-workability by preventing the formation 
of ferrite phase. On the other hand, an increase in the value of the left side member of the formula 
(2) increases the amount of generating ferrite. The zone where the value of the left side member of 
the formula (2) is 1 1.5 or larger is the zone where relatively large amounts of ferrite are generated. 
That is, we found that hot- workability is significantly improved by adopting a quite different concept 
from that of the related art, or adjusting the composition so that the value of the left side member of 
the formula (2) becomes 11.5 or larger, thereby forming a microstructure that relatively large 
amounts of ferrite are generated in the pipe-making step. 

Fig. 2 shows the length of cracks generated on the edge face of seamless 13%Cr stainless 
steel pipes during hot-working in relation to the amounts of ferrite. The figure shows that no crack is 
generated at 0% by volume of ferrite, and that cracks are generated when ferrite is formed, which 
phenomenon was expected in the related art. When, however, the amounts of generating ferrite 
increase to form the ferrite phase by 10% or more, or preferably 15% or more, by volume, crack 
generation can be prevented, which phenomenon is different from the expectations of the related art. 
That is, hot-workability is improved and crack generation is prevented by adjusting the composition 
to satisfy the formula (2), thus to form a ferrite and martensite dual-phase microstructure containing 
appropriate amounts of ferrite phase. 

If, however, the components are adjusted to satisfy the formula (2) to form the ferrite and 
martensite dual-phase microstructure, variations in the allotment of elements occurred during heat 
treatment may deteriorate the corrosion resistance. With a dual-phase microstructure. the austenite- 
forming elements such as C, Ni, and Cu diffuse in the martensite phase, while the ferrite- forming 
elements such as Cr and Mo diffuse in the ferrite phase, thereby inducing dispersion of components 

15 



between phases in the ultimate product after heat treatment. In the martensite phase, the amount of 
Cr which is effective in corrosion resistance decreases, while the amount of C which deteriorates the 
corrosion resistance increases, thereby deteriorating the corrosion resistance in some case compared 
with that of homogeneous microstructure. 

In this regard, we conducted further studies on the effect of components on the corrosion 
resistance, and found that the satisfactory corrosion resistance is assured by adjusting the com- 
ponents to satisfy the formula (1) even when the microstructure is a ferrite and martensite dual-phase 
microstructure: 

Cr + 0.65Ni + O.6M0 + 0.55Cr - 20C £ 18.5 0} 

where Cr. Ni, Mo. Cu, and C signify the content of the respective elements. 

Fig. 3 shows the relation between the value of the left side member of the formula (1) and the 
corrosion rate under environments containing CO? and CI" at high temperature of 200°C. The figure 
shows that the sufficient corrosion resistance is assured by adjusting the components to satisfy the 
formula (1) even with the ferrite and martensite dual-phase microstructure and even under the 
environments containing CO? and CI" at high temperature of 200°C. 

As seen in the formula (1), an increase in the Cr content is effective to improve the corrosion 
resistance. Since, however, Cr enhances ferrite formation, the related art adds Ni by an amount cor- 
responding to the Cr content to suppress the formation of ferrite. When the Ni content is increased 
relating to the Cr content, however, the austenite phase is stabilized, which fails to assure the neces- 
sary strength as the steel pipe for linepipe. 
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We found that the maintained ferrite and martensite dual-phase microstructure, containing an 
adequate amount of ferrite phase, with increased Cr content, can keep the residual amount of aus- 
tenite phase to a low level, thereby assuring sufficient strength as the steel pipe for linepipe. 

Fig. 4 shows the derived relation between the yield strength YS and the Cr content of seam- 
less 13%Cr stainless steel pipes, after heat treatment, having a ferrite and martensite dual-phase 
microstructure. The figure also shows the relation between YS and Cr content of steel pipes, after 
heat treatment, having a martensite single phase microstructure or martensite and austenite dual- 
phase microstructure. The figure reveals the finding that sufficient strength as a steel pipe for line- 
pipe can be assured by keeping the ferrite and martensite dual-phase microstructure containing an 
adequate amount of ferrite phase with increased Cr content. On the other hand, if the microstructure 
is that of a martensite single phase or martensite and austenite dual phase, the increase in the Cr 
content decreases YS. 

The steel pipes for linepipes are subjected to girth welding on laying pipeline. Different from 
the heat treatment of pipe body, the girth welding is conducted by local heating with a small heat 
input to give a high cooling rate, thus the heat-affected zone is significantly hardened. The hardening 
of the heat-affected zone results in the generation of weld cracks. We found that weld cracks are pre- 
vented and excellent weldability is assured by adjusting the composition of steel pipe to satisfy the 
formula (3): 

C + Ng 0.025 (3). 

Fig. 5 shows the relation between the value of the left side member of the formula (3) and the 
crack- generation rate determined by a y-slit weld crack test. The figure reveals that weld cracks are 
prevented by specifying the value of the left side member of the formula (3) to 0.025 or smaller. The 
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crack generation rate was determined by the v-slid weld crack test on each five test pieces, cal- 
culating the value of ((the number of crack-generated pieces)/(the number of total tested pieces)). 

TheA description of de selected reasons to fem tprovide the composition of the high strength 
stainless steel pipe for linepipe according to th e pres e nt invontio n with selected quantities of elements 
is given in the followin g below . The % by mass in the composition is hereinafter referred to simply 
as %. 

C: about 0.001 to about 0.015% 

Carbon is an important element relating to the strength of martensitic stainless steels, and fee 
pr e s e nt inv e ntion n ee ds to should contain C by 0.001% or more. If, however, excess amount of C 
exists, sensitization caused by Ni likely occurs in the tempering step. To prevent the sensitization in 
the tempering step, the C content is specified to 0.015% as the upper limit. Consequently, the p*e- 
s e nt inv e ntion sp e cifi e s range of the C content to a rang eis from 0.001 to0.015%. From the point of 
corrosion resistance and weldability, the amount C is preferably as small as possible. A preferred 
range of the C content is from 0.002 to 0.01%. 
Si: about 0.01 to about 0.5% 

Silicon is an element functioning as a deoxidizer, and is needed in ordinary steel-making pro- 
cess, requiring 0.01% or more. If, however, the C content exceeds 0.5%, the resistance to CO2 
corrosion deteriorates, and further the hot-workability deteriorates. Accordingly, the Si content is 
specified to a range from 0.01 to 0.5%. 
Mn: about 0.1 to about 1.8% 

Manganese is an element to increase the strength of steel, and 0. 1 % or more of Si content is 
requir e d to assures desired strength in the pr e s e nt inv e ntion . If, however, the Mn content exceeds 
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1 .8%, adverse effect on toughness appears. Therefore, the Mn content is specified to a range from 
0.1 to 1.8%. A preferred range of the Mn content is from 0.2 to 0.9%. 
P: about 0.03% or less 

Phosphorus is an element to deteriorate the resistance to CO2 corrosion, the resistance to CO2 
stress corrosion cracking, the resistance to pitting corrosion, and the resistance to sulfide stress cor- 
rosion cracking, thus th e pr e s e nt invention pref e rably r e duc e s the P content is preferably reduced as 
far as possible. Extreme reduction in the P content, however, increases the manufacturing cost. 
Consequently, within a range of industrial availability at relatively low cost and of avoiding the 
deterioration of the resistance to CO2 corrosion, the resistance to CO2 stress corrosion cracking, the 
resistance to pitting corrosion, and the resistance to sulfide stress corrosion cracking, the P content is 
specified to 0.03% or less. A preferred range of the P content is 0.02% or less. 
S: about 0.005% or less 

Sulfur is an element to significantly deteriorate the hot-workability during the pipe-manu- 
facturing process, and a^smaller S content is more preferable. Since, however, the S content of 
0.005% or less allows the ordinary process to manufacture pipes, the upper limit of the S content is 
specified to 0.005%. A preferred range of the S content is 0.003% or less. 
Cr: about 15 to about 18% 

Chromium is an element to form a protective film to increase the corrosion resistance, and is 
effective particularly to improve the resistance to C02 corrosion and the resistance to C02 stress 
corrosion cracking. In the pr e sent invention, 15% or more Cr content is requir e d to improves the 
corrosion resistance under severe environments. On the other hand, if the Cr content exceeds 18%, 
the hot-workability deteriorates. Therefore, the Cr content is specified to a range from 15 to 18%. 
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Ni: about 0.5% or more and less than about 5.5% 

Nickel is an element to strengthen the protective film on high Cr steels to improve the cor- 
rosion resistance, and functions to increase the strength of low C and high Cr steels. The present 
inv e ntion r e quir e s steel composition thus has 0.5% or more of the Ni content. If, however, the Ni 
content becomes 5.5% or more, the hot-workability deteriorates and the strength decreases. Accord- 
ingly, the Ni content is specified to a range from 0.5% or more and less than 5.5%. A preferred 
range of the Ni content is from 1 .5 to 5.0%. 
Mo: about 0.5 to about 3.5% 

Molybdenum is an element to increase the resistance to CY pitting corrosion, and the pr e sent 
inv e ntion r e quir e s th e steel composition employs a Mo content of 0.5% or more. If the Mo content is 
less than 0.5%, the corrosion resistance becomes insufficient under high temperature environments. 
If the Mo content exceeds 3.5%, the corrosion resistance and the hot-workability deteriorate, and the 
manufacturing cost increases. Therefore, the Mo content is specified to a range from 0.5 to 3.5%. 
Preferably the Mo content is from 1 .0 to 3 .5%, and more preferably more than 2% and not more than 
3.5%. 

V: about 0.02 to about 0.2% 

Vanadium has the effectlTsll of increasing the strength and improving the resistance to stress 
corrosion cracking. These effects become significant at 0.02% or higher V content. If, however, the 
V content exceeds 0.2%, the toughness deteriorates. Consequently, the V content is specified to a 
range from 0.02 to 0.2%. A preferred range of the V content is from 0.02 to 0.08%. 
N: about 0.001 to about 0.015% 

Nitrogen is an element to significantly deteriorate the weldability, and a_small amount there- 
of, as far as possible, is preferred. Since, however, excessive reduction in the N content increases the 
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manufacturing cost, the lower limit of the N content is specified to 0.001%. Since the N content 
above 0.015% may induce girth weld cracks, 0.015% is specified as the upper limit in th e pr e s e nt 
inv e ntion . 

O: about 0.006% or less 

Since O exists as an oxide in the steel to significantly affect various characteristics, reduction 
in the O content as far as possible is preferred. The O content exceeding 0.006% significantly deteri- 
orates the hot-workability, the resistance to CO2 stress corrosion cracking, the resistance to pitting 
corrosion , the resistance to sulfide stress corrosion cracking, and the toughness. Consequently, the 
O content is specified to 0.006% or less. 

Adding to the above basic components, the pr e sent inv e ntio n steel can further contain about 
0.002 to about 0.05% Al. Aluminum is an element having strong deoxidization performance, and 
0.002% or more of At content is preferred. However, more than 0.05% of Al content adversely 
affects the toughness. Accordingly, the Al content is preferably specified to a range from 0.002 to 
0.05%, and more preferably 0.03% or less. If no Al is added, less than about 0.002% of Al is accep- 
table as an inevitable impurity. Limiting the Al content to less than about 0.002% gives advantages 
of significant improvement in the low temperature toughness and resistance to pitting. 

According to th e pr e s e nt inv e ntion, adding to the abov e components, furth e r A bout 3.5% or 
less Cu may be contained in the steel . 

Copper is an element to strengthen the protective film, thereby suppressing the invasion of 
hydrogen into the steel, and increasing the resistance to sulfide stress corrosion cracking. To attain 
these effects, about 0.5% or more of the Cu content is preferred. However, the Cu content exceeding 
about 3.5% induces precipitation of CuS at grain-boundary, which deteriorates the hot-workability. 
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Therefore, the Cu content is preferably limited to 3.5% or less, and more preferably in a range from 
0.5 to 1.14%. 

According to th e pr e sent inv e ntion, addin g Adding to the above components, a further one or 
more of about 0.2% or less Nb, about 0.3% or less Ti, about 0 .2% or less Zr, about 0.01% or less B, 
and about 3.0% or less W may be selectively contained. 

Niobium, Ti, Zr, B, and W have the effect to incr e as e of increasing the strength, and, atas 
needed, one or more thereof can be selectively contained. 

Niobium is an element to form carbo-nitride, thus increasing the strength and further 
improving the toughness. To attain these effects, about 0.02% or more Nb content is preferred. 
However, more than 0.2% of Nb content deteriorates the toughness. Consequently, the Nb content is 
preferably limited to 0.2% or less. 

Titanium Zr, B, and W have effects to increase the strength and improve the resistance to 
stress corrosion cracking. These effects become significant at about 0.02% or more Ti, about 0.02% 
or more Zr, about 0.0005% or more B, and about 0.25% or more W. If, however, each of the 
amounts exceeds about 0.3% Ti, about 0.2% Zr, about 0.01% B, and about 3.0% W, the toughness 
deteriorates. Therefore, it is preferable to limit to 0.3% or less Ti, 0.2% or less Zr, 0.01% or less B, 
and 3.0% or less W. 

According to th e pr e sent inv e ntion, addin g Adding to the above components, further a 0.01% 
Ca may be contained. Calcium is an element to fix S as CaS to spheroidize the sulfide-based inclu- 
sions, thereby reducing the lattice strain of matrix peripheral to the inclusions to decrease the 
hydrogen-trapping capacity of the inclusions. Calcium can be added at need. To attain these effects, 
0.0005% or more of the Ca content is preferred. However, more than 0.01% of the Ca content leads 
to the increase in CaO amount, which deteriorates the resistance to CO2 corrosion and the resistance 
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to pitting corrosion. Therefore, the Ca content is preferably limited to 0.01% or less, and more 
preferably from 0.0005 to 0.005%. 

Kindly replace paragraphs [0050] through [0064] with the following: 
According to th e pr e s e nt inv e ntion. th e The components in the above range are added to sat- 
isfy the following formulae (1) to (3)[[.]]: 

Cr + 0.65Ni + O.6M0 + 0.55Cu - 20C ^ 18.5 (1) 
Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N ^ 1 1.5 (2) 

C + N ^ 0.025 (3) 

where Cr, Ni, Mo, Cu, C, Si, Mn, and N signify the content of the respective elements. 

The element which is given in the formulae and is not existed in the steel is calculated as 
zero[[.]]: 

Cr + 0.65Ni + 0.6Mo + 0.55Cu-20C* 18.5 (1), 

The left side member of the formula (1) is an index for evaluating the corrosion resistance. If 
the value of the left side member of the formula (1) is smaller than 18.5, desired corrosion resistance 
is not attained under severe environments of high temperatures containing CO2 and CI", and under 
high hydrogen sulfide environments. Accordingly, th e pr e s e nt inv e ntion adjusts the content of Cr, 
Ni, Mo, Cu, and C is adjusted within the above range and to satisfy the formula (1). The value of the 
left side member of the formula (1) is preferably 20.0 or larger[[.]]: 

Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N £ 11.5 (2\ 

The left side member of the formula (2) is an index for evaluating the hot-workability. 
Accordingly, th e pr ese nt inv e ntion adju s t s the content of Cr, Mo, Si, C, Ni, Mn, Cu, and N is 
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adjusted within the above range and to satisfy the formula (2). If the value of the left side member of 
the formula (2) is smaller than 1 1 .5, the precipitation of ferrite phase becomes insufficient, and the 
hot-workability is insufficient, thus the manufacture of seamless steel pipe becomes difficult. 
According to th e pr e s e nt inv e ntion, th e The content of P, S, and O is significantly decreased to 
improve the hot-workability. However, sole reduction of each of P, S, and O cannot assure sufficient 
hot- workability for making seamless pipe of martensitic stainless steel. To assure necessary and suf- 
ficient hot-workability to manufacture seamless steel pipe, it is necessary to significantly decrease 
the content of P, S, and O, and further to adjust the content of Cr, Mo, Si, C, Ni, Mn, Cu, and N to 
satisfy the formula (2). In view of improving the hot-workability, the value of the left side member 
of the formula (2) is preferably 12.0 or larger[[.]]i 

C + N ^ 0.025 (3), 

The value of the left side member of the formula (3) is an index for evaluating the weld- 
ability. If the value of the left side member of the formula (3) exceeds 0.025, weld cracks often 
appear. Accordingly, the pr e s e nt inv e ntion adjusts the content of C and N is adjusted to satisfy the 
formula (3). 

The high strength stainless steel pipe for linepipe according to th e pr e s e nt inv e ntion p refer- 
ably has a microstructure containing, adding to the above components, martensite phase as the base 
phase, about 40% or less of residual austenite, by volume, or more preferably 30% or less thereof, 
and about 10 to about 60% of ferrite phase, by volume, or more preferably 15 to 50% thereof. The 
martensite phase referred to herein also includes tempered martensite phase. By adopting the mar- 
tensite phase as the base phase, the high strength stainless steel pipe is obtained. The amount of 
martensite phase is preferably 25% or more by volume. The ferrite phase is a soft microstructure to 
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increase the workability. According to th e pres e nt inv e ntion, th e The amount of ferrite phase is 
preferably 10% or more by volume. If the ferrite phase exceeds 60% by volume, however, the 
desired high strength becomes difficult to assure. Therefore, the amount of ferrite phase is preferably 
in a range from 1 0 to 60% by volume, and more preferably from 1 5 to 50% by volume. The residual 
austenite phase is a microstructure to improve the toughness. If, however, the residual austenite 
phase exceeds 40% by volume, the desired high strength becomes difficult to assure. Consequently, 
the amount of residual austenite phase is preferably 40% or less by volume, and more preferably 30% 
or less by volume. 

A preferred method for manufacturing high strength stainless steel pipe for linepipe accord 
ing to th e pr e s e nt invention is described below referring to an example of seamless steel pipe. 

Preferably, a molten steel having an above composition is ingoted by a known ingoting 
method such as converter, electric furnace, and vacuum melting furnace, which ingot is then treated 
by a known method such as continuous casting process and ingot-making and blooming process to 
form base material for steel pipe, such as billet. The base material for steel pipe is then heated to 
undergo hot-working to make pipe using ordinary manufacturing process such as Mannesmann-plug 
mill and Mannesmann-mandrel mill, thus obtaining a seamless steel pipe having the desired size. 
After the pipe-making, the seamless steel pipe is preferably cooled to room temperature at a cooling 
rate of at or higher than the air-cooling rate, preferably at about 0.5°C/s or more as an average rate 
within a range from about 800°C to about 500°C. 

With a seamless steel pipe having th e composition within th e rang e of th e present inv e n 
tiea such as noted above, the microstructure with the martensite phase as the base phase is attained by 
cooling the hot- worked seamless steel pipe to room temperature at a cooling rate of at or higher than 
the air-cooling rate, preferably at 0.5°C/s or more as an average rate within the range from 800°C to 
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500°C. Although the seamless steel pipe may be in as cooled state, after hot-working (pipe-making) 
and after cooling at a cooling rate of at or higher than the air-cooling rate, preferably at 0.5°C/s or 
more as an average rate within the range from 800°C to 500°C, th e pr e s e nt inventio n a next step 
preferably further appl yapplies quenching and tempering treatment. 

A preferable quenching treatment is to reheat the steel to about 850°C or above, to keep the 
temperature for about 10 minutes, and then to cool the steel to about 100°C or below, preferably to 
room temperature, at a cooling rate of at or higher than the air-cooling rate, preferably at 0.5°C/s or 
more as an average rate within the range from 800°C to 500°C. If the quenching heating temperature 
is below 850°C, the microstructure fails to sufficiently become martensitic microstructure, and the 
strength tends to decrease. Accordingly, the reheating temperature of the quenching treatment is 
preferably limited to 850°C or above. If the cooling rate after the reheating is lower than the air- 
cooling rate, or lower than 0.5°C/sec as average within the range from 800°C to 500°C, the micro- 
structure fails to sufficiently become martensitic microstructure. Consequently, the cooling rate after 
the reheating is preferably at or higher than air-cooling rate, and at or higher than 0.5°C/s as an 
average within the range from 800°C to 500°C. 

The tempering treatment is preferably given by heating the steel, after quenching, to a tem- 
perature not higher than about 700°C. By heating the steel to not higher than 700°C, preferably to 
400°C or above, and then by tempering the steel, the microstructure becomes the one containing 
tempered martensite phase, residual austenite phase, and ferrite phase, thereby providing a seamless 
steel pipe having desired high strength, and further having desired high toughness and excellent 
corrosion resistance. After heating the steel to the above temperature and after holding the tem- 
perature for a specified period, it is preferred to cool the steel at a cooling rate of at or higher than the 
air-cooling rate. 
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Instead of the above quenching and tempering treatment, asole tempering treatment is appli- 
cable to heat the steel to not higher than 700°C, preferably not lower than 400°C, followed by tem- 
pering. 

Although the above description is given to seamless steel pipe as an example, th e pr e s e nt 
inv e ntion this disclosure is not limited to the seamless steel pipe, and it is applicable that a base 
material for steel pipe, having the composition within the above-described range of th e pres e nt 
inv e ntion , is used to manufacture electric resistance welded pipes and UOE steel pipes applying an 
ordinary process, thus to use them as the steel pipes for linepipes. 

Also for the steel pipes such as electric resistance welded pipes and UOE steel pipes, the steel 
pipe after pipe-making is preferably subjected to the above quenching and tempering treatment. The 
high strength stainless steel pipes according to th e pres e nt inv e ntion can be welded to join together to 
fabricate a welded structure. Examples of that kind of welded structure are pipeline and riser. The 
term "welded structure" referred to herein includes the high strength steel pipes according to th e pre 
s e nt inv e ntion j oined together, and the high strength steel pipe according to th e pre se nt invention 
joined with other grade of steel pipe. 

The pres e nt inv e ntion is d e scribed in mor eMore detail s are provided below by referring to the 
examples. 

Kindly replace paragraph [0068] with the following: 

Test pieces for observing microstructure were cut from each of thus prepared seamless steel 
pipes. The test pieces for observing microstructure were corroded by KOH electrolysis. The micro- 
structure of the corroded surface of each test piece was photographed by SEM (x500) by the counts 
of 50 or more field of views. An image analyzer was applied to calculate the fraction (% by volume) 
of the ferrite phase in the microstructure. Regarding the fraction of the residual austenite phase in 
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the microstructure, test pieces for determining characteristics were cut from each of the obtained 
seamless steel pipes, and X-ray diffractometry was applied to determine the fraction. That is, the X- 
ray diffractometry determined the integrated diffraction X-ray intensity on (220) plane of 7 and (211) 
plane of a The determined intensities were converted using the formula^ 

Y(% by volume) = 100/{(1 + (yt/L^)} 
where 1^: Integrated intensity of a 

I 7 : Integrated intensity of 7 

R«: Crystallographic theoretical value of a 

R 7 : Crystallographic theoretical value of 7. 

Kindly replace paragraph [0072] with the following: 

For thus fabricated welded pipe joint, visual observation was given to identify the p re- 
sence/absence of weld cracks. 

Kindly replace paragraphs [0076] through [0079] with the following: 
(3) Welded joint pitting corrosion test 

From the fabricated welded pipe joint, test pieces were cut by machining so as to contain the 
welding metal, the welding heat-affected zone, and the mother metal part. For the pitting corrosion 
test, the test piece was immersed in a 40% CaCh solution (70°C) to hold th e stat e and held for 24 
hours. After the test, the presence/absence of pitting was observed using a magnifier (x 1 0) to give o 
evaluation to no pitting and X evaluation to pitting. The "pitting" evaluation X was given to the case 
of 0.2 mm or larger pitting diameter, and the "no pitting" evaluation o was given to the cases of 
smaller than 0.2 mm of pitting or of no pitting. 
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(4) Welded joint sulfide stress cracking test 

From the fabricated welded pipe joint, test pieces for fixed load type specified in NACE- 
TM0177 Method A were cut by machining so as to contain the welding metal, the welding heat- 
affected zone, and the mother metal part. For the sulfide stress corrosion cracking test, the test piece 
was immersed in a solution (20% NaCl aqueous solution (pH of 4.0 and H 2 S partial pressure of 
0.005 MPa)) in an autoclave. The test was conducted applying stress of 90% of the yield stress of 
the mother material for a period of 720 hours. The evaluation X was given to the test piece with 
crack, and the evaluation o was given to the test piece with no crack. The result is shown in Table 3. 

All the inventive examples of th e pr e s e nt inv e ntion showed no cracks on the surface of the 
steel pipe, meaning that they are the steel pipes having excellent hot-workability, and are high 
strength steel pipes giving 413 MPa or higher yield strength YS. Furthermore, the inventive exam- 
ples of th e pr e s e nt inv e ntion generated no cracks at the welded part, giving excellent weldability, 
further they showed excellent toughness at welding heat-affected zone, giving 50 J or higher 
absorbed energy at -60°C, and they gave a_low corrosion rate at the welded part and the mother 
material part, generating no pitting and sulfide stress cracking, showing sufficient resistance to 
welded joint corrosion under severe corrosive environments containing CO2 at as high as 200°C and 
also under high hydrogen sulfide environments. 

To the contrary, the comparative examples which w e r e out s id e th e rang e of th e pres e nt 
inv e ntion generated cracks on the surface of test piece to deteriorate the hot-workability or deteri- 
orate the toughness at the w elded part, or generated cracks at the welded joint, or increased the 
corrosion rate at the mother material part or welded joint to deteriorate the corrosion resistance, or 
generated pitting at the mother material part or welded joint to deteriorate the resistance to pitting 
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corrosion, or generated sulfide stress cracking at the mother material part or welded joint to deteri- 
orate the resistance to sulfide stress cracking. 

Kindly replace paragraph [0089] with the following; 
(2) Welded joint corrosion test 

From the fabricated welded pipe joint, corrosion test pieces (3mm in thickness, 30 mm in 
width, and 40 mm in length) were cut by machining so as to contain the weld metal, the welding 
heat-affected zone, and the mother material part. The corrosion test was conducted, similar to Exam- 
ple 1, by immersing the corrosion test piece in an aqueous solution of 20% NaCl (200°C of liquid 
temperature and CO2 gas atmosphere under 50 atm) in an autoclave for a period of 2 weeks. After 
the corrosion test, the test piece was weighed to determine the mass loss during the corrosion test, 
thereby deriving the corrosion rate. After the test, the presence/absence of pitting on the surface of 
the corrosion test piece was observed using a magnifier (xlO). The pitting evaluation was given to 
the case of 0.2 mm or larger pitting diameter, and the no pitting evaluation was given to the cases of 
smaller than 0.2 mm of pitting or of no pitting. 

Kindly replace paragraphs [0091] through [0093] with the following: 

All the inventive examples of the pr e s e nt inv e ntion showed no cracks on the surface of the 
steel pipe, meaning that they are the steel pipes having excellent hot-workability, are high strength 
steel pipes giving 413 MPa or higher yield strength YS, and are high strength steel pipe having high 
toughness of 50 J or more of absorbed energy at -40°C. Furthermore, the inventive examples of th e 
present inv e ntion generated no cracks at the welded part, giving excellent weldability, further they 
showed excellent toughness at the welding heat-affected zone, giving 50 J or higher absorbed energy 
at -40°C, and they gave low corrosion rate at the w elded joint and the mother material part, 
generating no pitting and sulfide stress corrosion cracking, showing sufficient corrosion resistance 
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under severe corrosive environments containing CO2 at as high as 200°C and also under high hydro- 
gen sulfide environments. 

To the contrary, the comparative examples which w e r e outside th e range of the present 
invention generated cracks on the surface of the test pieces to deteriorate the hot-workability or 
deteriorate the toughness at the mother material part, or generated weld cracks to deteriorate the 
weldability, or deteriorated the toughness at welded part, or increased the corrosion rate at the mother 
material part or welded joint, or generated pitting to deteriorate the corrosion resistance, or generated 
sulfide stress cracking to deteriorate the resistance to sulfide stress cracking. 
Industrial Applicability 

According to th e pr e s e nt inv e ntion, stabl e Stable and inexpensive manufacture of high 
strength stainless steel pipe for linepipe is attained, which stainless steel pipe has high strength of 
higher than 413 MPa (60 ksi) of yield strength, giving sufficient corrosion resistance under severe 
corrosive environments containing CO2 and CI" at high temperatures and also under high hydrogen 
sulfide environments, and showing excellent low temperature toughness and weldability, thereby 
providing marked effects on industries. The pr e s e nt inventio n inventive steels also has have an effect 
of providing welded structures such as pipeline at low cost, giving excellent corrosion resistance and 
toughness. 
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